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SUMMARY OF THE INVENTION 

mm. 

mtm i ©ss^^t*. ftjien i ®^^{c^$ti^B^#^. m 
±fe©&i£ii^a fc *j u r, 

itufe&i^^©^ <ifcloti, @tff^ ( n ) ^ 1 £ i9 U ( n > 

1 ) iSST^^^ti/c^^yj xa^ 1 m£x±m?Ltzmits-f>) xa^i*> 

Btjie^^^T^s £ ntzym* x a 1*1 {c A*t-r £ a*i® . 
Ttefc^u XA^fcuttrr^ft®. 
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Still other objects and advantages of the invention will in part be ob 
vious and will in part be apparent from the specification. 

The invention accordingly comprises the features of construction, combi 
nations of elements, and arrangement of parts which will be exemplified 
in the constrution hereinafter set forth, and the scope of the invention 
will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

m 3 (i/h $ Parana &mm t ^-r ^± § £ <z>mm<Dtt&miz\ <s mkM<v 
m 5 3 ^im'^Ki^myt^^mmLtzm^^m 4 1 mm<vm-£&& 0 

Hill (»fPJl{C:fetf£&i^c7)Sm/Ra tfc1&¥ntCDM%%:^mX& 

o 

m 1 2 (i*^0J{cSo^^$ti/-c^tl^S©^^©ffi^l2IchSi^«l^ 
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ei 1 5 itm m%^(Dmmmt>m>\^Lx\^m^(D 1 0@©;raT^gtt£*i£ 

iligM* o^'^A^b^li tett £ MBit t ©m<^l%^-ti-©7fcS&[!]-e& £ o 

0 i 6 it^mR&mfom i ©^ssTfe^^Tfeii^ti-^UT^^o 

m 1 8 «^0j©n»ij 3 commytm^M^^yt^m-n^^o 
m 1 9 (i^Bj©n»j 4 <Dm^¥%k<DMm~?&&o 

020 «^BJ©HWJ 5 (D&&3t^CDitmm-?:& -So 
El 2 1 «^BJ©H»iJ 6 ©&i^3fc^©^E]^<&&o 
EI 2 2 «H»iJ 4 (D{Mt^&^i&mm-£&Zo 

m 2 3 \t-mmm 4 ©it irmeit^ 3 0 

E12 4 (dy -zmm\H(D^m-v&&o 

ei 2 6 \t-^mmmmm i ©i^ttjBt&g-e© rgb ©i^ tbBt#©s& ^ <b 

0 &3^O^ffi£#&©AI*&B&^?-0T?&So 

ei 2 7 \*%mw<Dm$m 8 © y - z sfBrto^Fsia'e** o 

EI2 8 ii^Hjonjg^j s oj|;|[ii:ffli^i»D^7 a©»I2ES£;f 
EI 2 9 li^H^©HJfe^J 8 ©ttiM&g-??© RGB ©II tHffi{t©ff D J|£r £ 

ei 3 o ittmwommm 9 © y - z »r®rto^0-e*» & 0 
-r kit & §o 



4 



m 3 2 ti#^Hj<D^Jfe0|| 9 ©tttfctt&g-^© RGB ©Ihf fciitt^ofift »5 S£r £ 
o &3fe&t^ffiKl*#©AI*tt«£^-BT?&<5o 

lU 3 3t»^§Bj©||^ji 0©Y-Z»r®rt©^:SSE|-e*-5o 

El 3 4 ti#f£BJ!©ll«iJ 1 0©}£tS[«icffli^SiaM*o^7AcDSI^Seg^ 

113 5 W^BJ©^»J1 0©i^tBat{4g-t?©RGB©|^me^©fi^^M^ 

in 3 6 i lo^is^goti^^ini-^^-So 

EI 3 7 «#^Hj(7)fi»j i 2©tS:jKii^Ho«S;fi«i4^0-e*-5o 

EI 3 8 (i^Bjfcfc^T^fflpTt^^^ < o^©#iJ® 1 tHl^iiMKM©$£i^7fe 

ei 3 9 ittmM&mmmmm&smm&yv ^Km^on^tm^m 

-rEI-e^^o 

DESCRIPTION OF THE PREFERRED ENBODIMENTS 

o 

Ell fc. ^BJ©^tl^M(cfc(j-^^^ (D ^|g]^- ro 

< tk>2-o(D^7jkm i fl i . 1 2 ^ii^T^x.-So :©2o©i^l, , 1 
2 JcM*£S^l£^ir-*U2\ 4>ft< 1 t> 2 Acd||^#^\ I^B^c^/j:^^ 
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Mtezj:?Kffl&jt&mB&mte&&'tz 0 z(Dmm,K£V), mm tmms 

, , 5 2 ^Sf^^n^M^) ^/h£<ft£©T\ ^15^:^3^^ <f£C i 
^ LT^BR^m 3 ti, ^7t^2, „ 2 2 ©&tott£«&#IRS*E , , E 

2 ffl»c:^"r*«#^ori^o figg#nB&E, . e 2 fflijjc^$n 
^^2, . 2 2 ©ntBg©#£6, . 6 2 tn 8 ^mw 

te&*^^2, . 2 2 ^©ttfcHIg^ «&#IRB*E, . E 2 S 
BS7fe^3^#x.Tl^ 0 ctoT. SS^^\ «&#HB$cE, . E 2 £t*!±iffi6 
1 . 62 (S»m2, . 2 2 OttfciillifiO ^— igSc^-tir^> d ifc^ mm 
^2, , 2 2 ^tttHLfc^7fe^^?»m<tS^#BSJf E, . E 2 KM&hZ. 

mmmmit, ^^2, s 2 2 ©j^mis^ tg&#BB$?E, „ e 2 k&bl 

ti[S4*ElLTl^o Its i£tfcE4 0i£;tfe#tt^JfflLT. EI 3 {c^iTJ; 
^BS^I^31r^$tlfc^3fe^2©/jN$l^ttl®#6^ SB&L^ 

&B*<^rttTt>&tNfc5 , . 5 2 (0KI2) £«^SC£**Rrti$s\ 
^St^ (HOE) ^fflUTU^o 

, 2 2 K&iom^titzmms . . 5 2 n*.o iot, gus^ 
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EHfc^rTJ^i^ &i^3^2, . 2 2 ^b^BS^^3^^^>^® 

mmtm^±<z>m.wtei o cm~imiif(cf^ 0 — ^ s 2A£Ul®*h^# 

. d dTii 2 A©iS^M, „ M 2 fim& , mi±T£i-r>TMm-t&Z.tl$i&<Ot£^ 

i^^2 l©^:$4i^i^^2 2©3fe$4i©^^^«. 5 3°~2 2. 6 

^P(cfe(t^^BS7fe^3©^NiSf^^2 , . 2 2 £D^$i©^>^ 
< i tHtl^— ^©^chO^^-fta^ 1 0° to*.^ui^llLUo :c 

I3^it^t^^ 0 ^BS7fe^m3©S^Ni«ffBS7t^3©±® 

& m& lis ^ © > X^t^iif c*tT £ i ^ 0 

B]4«2^li^^f^^2 , . 2 2 ^@£gt^ii#r-e*^^\ 3&5e 
{S^ic@ea^^>^fe|H]#©Ci^U^§o EI5te, i^fr^2, . 2 2 £-3 

(D&Lfrm^LT^ti^o &Bit^2 l . 2 2 (Dmmm^^ti^tiQ , 

' . 6 2 ' Tv^U ^tit>©^BS7fe^3(c c t^Sf^t-C^^^tl±lBt{t^6 , . 
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6 2 TvtLU^o El 5 JC^iT J; 9 ^ ^§^^2, . 2 2 ^S'/kjtM'L^K 

(214, EI 5 (c^^Tii, 3 LT®l6Jjftfr h^L 

3fefI2, 2, . 2 2 ^0l5^^7fe^T^-r-Sch. Si^ftfctmr^U 

. 1 2 Sf^f 2, . 2 2 SBg^^3©±io££¥ 

ft K$m U Si^Tfe^ 2 , N 2 2 v 7 h LtzBBKi-^ Z.tK 

t£i^j^2. 2K 2 2iLt{ii^f^i9Ci^ltL^o 
^©ii^. &i^j^2 N 2, . 2 2 (ilHlfe^M^W^-^-i^t tl^o 

£7^ &i^fc^2 , . 2 2 ©4>&< £ t> 1 ote N jgtfr^ (n) riM £D 
£^ (n > 1 ) ^M-e^$tl^ii^-7°U XA£ 1 TO±#x./zii^^'J XAt£ 
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ffl(cfelMM^I2 1 . 2 2 £ LT^&ii^XU XA3fc^ 

ili^XU XA© 1 mt LTti. HToMRD ; li^ix.^^ , J XA^So 
■1^1] . 1 2 ^ b ^ 'J X A ic Alt ^ -ti: ^ Altffi, 

• * © AMmfr t> x u x a fc t fc^^r x u x a -vKftt & m i sit® 

• *<Dmi sits^sit^n/^j^x u XArtT«ti»i 2 sit®. 
•^©12 sits^sit^n/^m^x u XAmmm-t sitm®. 

, xuxArt-e^-r^®@BS^wt--5». 

• Ara. m 1 sit®, m 2 sit®, ittts®©^ < i t> 1 m^m\B\mmm- 

c©J:9^(i^X'JXA^ffl^-Si, XU XArt©^^^^}-^. S 
It® (If! 1 Sit® £H 2 Sit®) T?©Altft^/h£ < ttSo fOMI, <giCxJR 

£>&^te. &i£}fe^2, . 2 2 ME^Sd'OXy XA©t>9 1 oo^ijch LT 

•^Ut^l, . 1 2 ^©^££XU XAR^cAlt£i±£Alt®. 

• ^ © Alt®*?- t> X U X A p*g tc Alt L fc^* X U X A TSItT £ ffl 1 Sit® 

• ^©n i Slt®^sit£ft*i7fc]££xy XArt-esitf-^.^ 2 sit®. 

• 2 SltB^SIt^tlXc^^X U XA^(c|tm^-'Sltl±}ffis 

• ^©Alt®<h!g2Sltffi££l®T^ffl-r&o 
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c (Dm 2 Rttm t am t &mm-t& ? 4 zrvufozf u x a m 2 s&ts-e 
tB^a^ < ®ft mi mm^pti^m^n-^m^m 2 stit^i^ 

c:©ct9{c^i^^m2 , . 2 2 ^I^M^^'JXA^f 
^Tif LTffli^^fcfe^Tfc, * P fc & £ ^BS;fc^ 3 ©«g t 
f^2, , 2 2 ©TfelA Oft < ±<Dt£i-ft^ ±12(7)3*9 1 0° £Lt 

£o 1216 fc&^T, *P«li^'JX^^2, (Dimtm&it^Z i03^ 
{cii^y«JXA^m2 , ^EM^tlTl^o tf:, l^'JXAm2, © 

1 0 



o ^ t k ih] c 9 fcieg-r & 0 

^H^©^tl^Mti. &I^#^ 2l . 2 2 ^\ ©ag7fe#^3^ 

C©^#©±PS©2 0° £_h|n]S£ N Sf^5, . 5 2 /^W^Il^ 
5, . 5 2 ^y7'otii^ r^oxh-^j ^MLTU^o ^(Dtzib^ IS 

-T-S oi^jJS t^o 1 0 1 £tl-e4>& < £ 4 0 0 J^_Lfctr£t$:-r 

1 1 



w-r* c t^j? t u\, < t h 3 o ° vxt\zmkirzm&&mmmKm < hj 

o 

in 7 4 tmrnm^m^^ho mmmmm. 4 & % 4 o c mcD^ant? 

5° 0|£tft^o;i^icf^ o fe^4^S©^m^IMIi£b^,W^tff 
^OMflOi^s i nM^^^U J£tfcffi®J3#r^£ 1 . 5 

= 4. 5° iX^;l/©^b, Attft0l*#*j8. 8 6° Oil^io^^^ 
^W§o o^«9. ^ffi^ £ ©M^ ©finite 8 . 8 6° -e&£iL£j&*i&g 

y=ax s in (2s x/T) 

=dy/dx-aX C os (2ttx/T) x 2 ^/T 

(IStOt^I) = a x 2 7r/T 

Cft^8. 8 6° lZt£&t%CDa/T%:$:i6tH$&^Z.£lCtZ& 0 
Glt^Ajil) = a/Tx 2 tt= 8 . 8 6/ 1 8 0 xi = 0. 154 
£ *17^ S> a / T £3<a6 £ <t „ 
a/T = 0 . 0 2 4 6 
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tt£Zo dd-e, J I S BO 6 0 lK£ZWffis£mf!tZRa±a(D&m\^ & 

Ra/f 2 = a 
<hft*K $ ^»-Dflifbo¥^BiSm«>:±iB^383TOM^«. 
Sm = T 

Sm= 2 8. 7 R a 

fcfikm(Dm±mmi±8. 8 3° t^o. g^i. 5©j§^ %M<nfc 

i 9 4 ^RIM®i^T$> § o S*ffi*2;tfeS4^t»4 Ocm© 

T?4. 5° (Dj£ift^:i«lc4^o 4 ^®©18bBB^l!flCi-e3fe» 

£M&f ^©Dflfio^^rs i n»^£^iT£et, Ell 0 {CtjtT 

AWft, Mlt^^0il, 2 0-4. 5° ^t>. A£^0te4. 5° 0 

M^©«^I«2. 2 5° -e&zcttfi&m-e&Zo :ct% ffi©ff^(i7f £^ 
y = a x s i n (2 n x/T) 

-e^^tlSo •€• it, "t&m^it, 

(MiO =d y/d x=a x c o s (2ttx/T) x 2 tt/T 
i^^>o M^#^tAfcftS<£>(2 N x=2^m (mliHlfc) ©i§-e^^^bs 

(lit ©S^cIS) = ax2^/T 
efctttK cn^2. 2 5° tc^^t^Oa/T^fentdrcfcl^Ciid^So 

(^OiM) =a/Tx2)r= 2. 2 5/ 1 8 0 x^ = 0. 03927 

a/T= 0. 0 0 6 2 5 

J IS B 0 6 0 1 (ci^^i^^R a i a®ii(t Jf^ 
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R a//" 2 = a 
<h ft V) , & t> tcDflC©^F^P§ Smt IMZmm T ©Mitt. 
Sm = T 

Sm = 113. 1 4 R a 

©i§^ 2 . 2 5° i^t). BCM^^&feWi^ni. 5° . 

m i i fC7jcr«k5 i-4 % 5o 

5 < (Sm/R a) < 1 0 0 0 • • • ( 1 ) 

1 0 < (Sm/R a) <500 •••(1-1) 

5< (Sm/R a) x (Ep/4 0 0) <70 •••(2) 
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1 0 < (Sm/Ra) x (Ep/4 0 0) <80 •••(3) 

5 0< (Sm/Ra) x (Ep/4 0 0 ) < 2 0 0 ...(4) 

8 0 < (Sm/Ra) x (Ep/4 0 0) < 2 5 0 • • • (5) 

ftS&#£SSJ£"^£d£j^£p£ L^o SmliJ I S B 0 6 0 licj;^ 

mm^m^cDW-i^mm (//m) s Rali»^i^fi$ Um) . Epti 
J£M»^tl^#©SS©{4g^-e©^ ( : T^tf-f > h (mm) ) -e&£ 0 

±ie^f4^ (2) ~ (5) (DTm&rm&t, tfc%kftfr'\^<te<o~?g\ 

_tfe^5£ (2) ~ (5) (col>T!i, ^tL^ s tlBlT0^9{-^ bKmjfctZ 

1 0 < (Sm/Ra) x (Ep/4 0 0 ) <40 ••• (2-1) 

1 5 < (Sm/Ra) x (Ep/4 0 0 ) <60 • • ■ (3-1) 

7 0 < (Sm/Ra) x (Ep/4 0 0 ) <150 •••(4-1) 

1 0 0 < (Sm/Ra) x (Ep/400) <200 • • • (5-1) 

Sm< 2 0 0 ^m • • • ( 6) 

te&0kft&ffiB.1r&ctfr&l£LU o Z<D0kft (l 0) «^liDi©1f 
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f^^2, 2, . 2 2 ^t>cD7fe^|B^ (NA/^/Jn£W 4 ££t 

(c^#^JfMf-^Si$ll^g{c*j^T«. :©Sra«fOf7f7l (•> 
>^b—> 3 » (C7v^<f^-r^o ^(Dfzib, (2) ~ (9) &S§J£Lft 

(10) ^J£f"£ £9^ifcB^&£c£zMfi^<fc£ 0 c©^ 
{^(10) ^^L^l^f-^, m^Sm^2 0 0 ^mJ^±tr*>^^(C3U 

Sm< 1 OOjum •••(6-1) 
Sm< 5 0 •••(6-2) 
€>#H|2 0 0 1- 370950 f £ tlT ^ £ 0 dCTii. ^MOfp^S 

(2) (1) ©MJSlcfc^t, ^I^JffltS^So iIH«t-X 
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o 

(3) (i) ©^^(cfeiAT. is^^jffl-r-s^o &t\ &mmm±Kim 

( 4 ) XfB^&fc&l^T. ^-X©fil2^ 0 . 0 1 mrn^ h 2 mm©^5 X 

(5) XfB^&JC&^T. ^Bt*-X*l!X:t#ttSSSlJE^O. 5-3. 0kg 
/cm 2 T*5 0 

(6) XiS^&Jc&^T. &SS«J&<JI«rT?*£o 

(7) ±ie^S^*5UT. ^SSS«^ t - «9 ®S©ll^lT^ § o 

ximm£mmt^-&j3r£:t lti*. ^rtoit© (i) ~ (4) o^j&^&a 

o 

1 7 



(3) iwn-f^f yy^mfcmm^— >r&m^tt& 0 z.<o^m-Q 
■eti. w»x(±^tR®7>f "y-^mmt^K, mtK.ti&toz-z c tK^to-mm 

IcitSo d©ii^r(c s COrafiOHAZEl (J ISK7 1 0 5) ^\ 10 

^857^^3 i LTl±, Hus5tfCcfc9ic N 7 U*JlU >X-p7 U^JlR 
i^Tl^o ^IBO^^J©«fc^tcDflSgilltJc^e>fllJ55c$nTl>Tt>«fcl^ 

o 

jW£ < £ o £ fc N IS] JC&IBrr Zlt&'J>tl < ft JBUP§<Z>#*£_L 
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& 0 c 7 U * >vm l$V&¥-&XMf$.~t £ £ a^tn?* & d £ fc J; 
7l/TWl/ly>X) {cJt^T/J^ < ^(Dtzfc^ UM^.<r>-7 u^jimtz <t s 7 

r . g cneo , b 

Si£ffe« (BIT, »or7aiiit^„ ) tt&&&t>itTmifr?Z£± 
^ItLUo £TF, *o^7A|||2 5 £ MBit 2 4j^&ftS&BB3fe3£2&£* 

fc. cnt>tej£f^7fc¥^2 ©A*HUSc@5g£ti£ 0 m&<DZ.<DMf&(ni9iB 

EJl 2 (a) fc N ^Bj{^So^^^tl/-cC©J:9^g:i$tl^S©7fe^ 
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(owtitm^:, ttz. mi 2 (b) tc. *<D&&mmmm<D&mm&7F'fo 

Ell 2 (b) fc&UT, DM&2 4«7U^;HMIffiSI*at?«tfiSc$nr^-5o ± 
15© J: ^JfrK ^agliS^&^ftTi^o Ell 2 (b) t?(±. 

©&Mte. tS^M©|g^iB§— SfeLT^So 2 ©JglB3fe3^ 2 4 ic 

^«9JfM$n/c|tl±5tt#6 ti. *n^5Aj£ifc|g2 5 (c £ o T«& L^tvfct 

comm. mimom&tmm^ mmL^-f^mmmmmtmbti&o 

#fgBj§tc:fcU-£#£m, Ell 2 (a) *n^A&tfe 
=E2 5 tii^HR^^OBflffiai 2 4©A^#J^@SM£ft£,£^&3 0 ^©/-c*b. g 
§^3^2^^g©£t£Bffl6 0©ftgicM§»lU±. *n^5AjSSfciK2 5 £ 

it 2 AteAM-t&ffi) ©*n^Aj£tfc^2 5^il®t-S^Si. 2|5]g (Dflffi 
tt2 4fcA#tLfdJ0 O^D^7Arai2 5&3®^£ft&<h£»M£fti;:Mfc 
t>-fcbT. n ^7AO^flJRitia «9 H*i^— #-?©@#f & J: 9 fc 

tit, *n^Aj£ifcR2 5 ttiiSOJfiifcR 4 £IU*i^ *-©i£ffe£>&<\ |b] 
«©S&-e¥«£(g-e2 0° jaTOSCi^tl^o *o/7Aj£|S[ 
«2 5(2. 1 0 #© 1 4^©i£i$tfW 4 0° OTi^:^E|[#tt^f c 
fiF^L^o 1 o#©i£"P§Tl£im^3 o° £TF£&&Jkifc#te£W^ 

&2 4i^o^AttI2 5©@£MllC#Jco^TlWr& 0 *o^Afi£tfcK 
2 5ti. #JRfcfe (2#3fc$Q ^t>©tlf*7t:i©^l2§i(c c fcoTfpM 

2 0 



IU1 3 ( a ) KTfiLtz^oK, 2 ^ &©tt±±3fe» 2 6 ti. * n ^ 

A&ffc«2 5»Cl|5ia©AI**LT*0^5Aj£iipR2 5 t?JBft$ tl^iliit- 

5^itil-r^o c©g£. llilB©A*t©l8SfcAI^©Alfft£rt^ *n^A|£ 
ifc«2 5 ©S£t£AI#^ dHj^^f-^ifi^fc^-S^g) ^fftJSLT^n 

©B©2ai©l!R^ctt^oje:tbfe^±S<!:^<!fii[jSt■So — 2IeIB©AI*©I&k: 
Att3fe©A*tfta^ !?^7feA*t^^^?iJ£tTUti«\ 1 [HiacDii^cD^{c(i 
$*±±3fe*S2 6 te»/f£;ftir$c«<^aiiIU 2 0@©Si@©^ciSJit-<5± 

7fe^2 7, amVJjfaKmtSo Ell 3 (a) teC©^£^Lfck©-T?&frK J£ 
Mtti^lTU^^o *n^^Aj£tfc|g2 5-elHlifr$tL^U0?^ 

t£2 7 0 tlHltfT^tl^Ktfe^+OiTtSS C+'CrifeilfO 2 7, O^i^LT*.^) 
> 0?^7fe2 7 0 £±«I2 7, teHl^lfiJidji^ ^S©l^mtt6 0©^(Cil 
t^o Lfc*ioT, EI 1 3 ( a ) (Ctk-T £ 9 tc, * a ^ 5 A$£tfc^ 2 5 ^i£tfcfp 

$n^i>o^7fe2 7 0 *^tb®6 ofcig-r-So ^©^m. ti^^tia^^c^c 

0#Ct£ 2 7 0 ©X#-y h^m^^^ifc/s^Mt L< ft^o 

Lfc*n^Aj£ifr;R2 5ti. 3^AI*ft££«MLTlII^£«^fc#^© 
Bfti^tcftS^ife^CSo ^OBtt^lSjf-ctoTEIl 3 (b) „ (c) ©<£ 
01 4 (a) . (b) (DXotlimt&t&o fcrtfU Ell 3 (b 
K (c) tt*n^Aj£ffcE2 5©H^3feA|*ft^#*<l|5|a©A*r©ISSitc 
S6JS-TSii^t?*t)s Ell 4 (a) . (b) it 2 ©@©A£t©0g«J£-r £*l£r 
t-*5o Ell 3 (b) . Ell 4 (a) (i, *n^Aj£i^2 5 ©Btt^rfSj^ 

2 1 



mz.tti-zAMnKMLx\&ffin&'bz<tzzi5ft<Dm&-?&iQ, mi 3 ( C ) 

,014 (b) tt, A*ffttc^LTlsI«Tft*<^<^-5^|S|©iS^7?*So 
*K i&ifefe©El^te«£, *n?^Aj£tfcR2 5tflsI*fLTJBft**lA:R, G. 
BO»SOi3fel8 (+'Crifc8|) &*tl?tl2 7 R . 2 7 G s 2 7b T^tT^-S 

ogfil^o^A^i^i, *n^ATMEj#r£*l&^ 0^2 7 „ 

*S2 7r , 27c. 27 B ^t.^J»-e#So ^M©*fmBl6 OKAS* 

L^v^^Kii^qi^K^^o «^{c(i. ^M©i*mat6 oofeit\ urn® 
6 o©w^^ois© 2^© 1 js*±bi*it 0 2 7 0 ^A^-rs=t9{cji 

IrfJliU #^> N Zr&m&lft&dffi. (tS 5 8 7. 6 nm) HiM&tLtzm 

7 > 1° • • • (7) 

7>2° ... (7-1) 

7< 4 5° ... (8) 

7<20° . . . (8 - 1) 
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<tetyi-gtZ^tzi6lc ; &m-V&& 0 £tz^ mm&M&m 6 0 ©ftgTii. R£7 
0 0 nmOil©! 4 0 0 nm0$I©7fei Lfc££ N ^^12 7 R t 2 
7 B ©F B loAlt&ioife/h$ i^SIt Lu 0 mfa&M^t, ttiJbtt6 0 ©tt*I© 

S l^ti 0 ?^7fe 2 7 o tt. Dflffiii 2 4 tc&a6 (MSti 2 4 ©A£}feg^©&£gfc*j- 
tT^/3^^:-r 0 ) fcAI^-r^»-i^%x.TUfco ::-e, WLt£3fc*8 2 6£> 
SWi0ft3t2 7 o ^CflSit 2 4 K\S&mn (0^0° ) fcA£tr&£, 
A«2 5&2fl?iISL;fe&fc:*n^A&ifcR2 5 2 7 

R . 27c, 2 7b m&±i.M%2 6 d:B§M>C^[S]{CfS]^9o ^©fctf). ^g© 

ttfcbi&6 0©iig c hSf^^2^ :: f^>i>ci:(cfi:^, o ak 
Am-f&&&ytm%k 2 ^ & ©i^±^«s 2 6 xi**-© 0 ?^ 2 7 „ ©ta®^ 2 4 

^© Atl£i /3 (i, 

0° < £< 4 5° ...(9) 

©M^^^-rc: 

* A:. EI 1 3 , m 1 4 JC&l^Tte. t9d£3fe#^ 2 ^ t>OWl±^3fe*S 2 6 
^5Aj£ife«2 5R0 t *O3SffifflOBflffifil2 4 icAtt^-SffcHW^ ZtlZ'tKDVfe 
W^lfco *n?'^Aj£ifc^2 5 £Dfl®^2 4©HfcifcMi'frteftl , »t>© 

tlfc, ^©*1£. Ell 3, 01 4^bB3t>^/XJ;9f^ *n^Aj£HSpR2 5 
£ 2 ^iiii L 2 7 « N 2 7c. 27b 2 5 IC^LT 

ftK^U^So %<Dtz#>^ ^g©ttfcbti6 0(^o^7Arai2 5 ©IE® 

ft*K ii$tl5tii7t'Jti^oTtl^4t5o -ecT\ Ell 5 (a 
) ~ (c) iCgrTJ;-?^ MBit 2 4^D^ 7 Arat2 5i:>!tLTii^t 
T (Hn©Elt>±^' (BiC^-tirTl^o ) s QDffi^2 4 -C£Jtt£*lfc±3fe*B 2 7 
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r, 2 7cs 2 7 B ^*o^A}£ifc^2 5 £ 2^g{ciiit LT*n^ A&ffc 
*S2 5Jc^LTMft^«s:f-«k9t-U'ri^o 015 (a)-(c)l« 
netlEIl 3 (a) ~ (c) tC^-rsifl^T?*-5o 

Ell 5Tii*n^Aj£tfc«2 5±^&#ft^£&i£#»£AI^*<S 
©T\ *n^Aj£ffc&2 5 ±r©^t 7 1 'J f <!: ^ o TfS^Mt -5 

Sf£3ft^ 2 ^ fe>©Wi±±3fe*i 2 6 & 3 IHi 0 frit 2 7 0 (iQflffiii 2 A iz\ 

m®6 0 JcAI*3^^ck?*c^£3&m*>m£*i£o 
ft*^ ±te©lgffi^ (lift) r i GQSit 2 4 ^© AttfS /3 ©it r / £ 12, 
0. OK r/j8< 1 0 0 0 •••(10) 

*n/7Aj£|fe«2 5 m^M^F K lis 1 2 £ 

MBJ-r^Tfe^ti^ IfeftCilULED^LD^RGB 3 feffl^fc-frTfc 

D^cDffiM^^^pg £?\ #fp;£iS* 7 ^fcf5«tf\ jftmfrt>(DjfcM : & 2 #ctg 
ic^3cf £ v >'<Jim it® j£lt ^ ^ - £ ^S^m £ ^II^^-tirT/X & ^ 

igBi^^feg^ tcts^-r & «k 9 jc l t t> ct ^ o 
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m*. mi 6~eii sizTF-to &mmmK&>^T^ ytmmm&mi 1 mum) 

^&&\,Hii£ifc®t±*£U&©£ LTOSo 

(JfBl7fe#^) ©^^^(i. Mtit 1 6 2. 5 6 x 1 2 1. 9 2 mm®^ 

^jfe^jiti. eii 6fC7Kir-j;9^ r^-^;b^^ v?Kmmz i&mm%&m 

^Jfe^J 2 ti. m 1 7 JC^J; 9 ^ ISM^MItS 3 2 ch LTjglR3»^ 3 
^»J3tt. 01 8 fc^-T J; jc. A#J®3 4 <£3Z®. m® 3 5^7 1/^ 

*t® tLtzy jimmmim 3 3 -e^is^^ 3 &mi& l fc^n? * -5 0 

0*. Ell 9—HI2 1 ic^to H»iJ4~6 fcfe^Tk. ig^ilfefciCcfcl^gg 

*Hii»ti. coM^iiL, ^i^liS^ittSe UD® 
fcti N 2 ©ttfttt 6 ' (05) ^t5o &!£® (#H*®) 

4m>£|£«9® (fidg^fe^ 2 ©tttil®®) +ifc£iIS^&tt±£#ri» 1 Oi^ 
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o ^©fif^X V XA 2 Hi. filing 4 l^t>^4354 4 © 4 ®£W LTl>£ 0 H 
»J4Tii. ^^l^f>©7fe^«Hl®4 1£-^TXUXA|*|};lA|}U H 
2E42, I3ffi4 ScDim-eftmBLMZtl, H4®4 4 ^It^'J XA^i-fc£ftB 

<I©^J©J§£r. IMB4 4li££®. Hl®4 l^t>^3®4 3ttgftiB/)^^ 

C©^fiJcD^«^iIg^-e©^{*^«. 162. 50X121. 92 mm. A 
ltKS0 5. 0mm, tlli 8. 9 4 x 6. 7 6mm^^ 0 

5 (i. EI 2 0 fC7j^£ 9 fc. Sf^#^ 2 U X'A 2 1 ^ 

o €Oi^'JXA2 Hi. Hl®4 l^bf 4®4 404I^ttl^ o il 
5^»iJ-e«. i^J^f l^t>©^(±||l®4 l^gT^'JXArticAItU 
f 2S4 2, I3S4 S(D\m7?ftmfcM£tl^ H4®4 4 <BITX U XA^J-I} 

C©fekXUXA 2 1 H 1 [S4 1 ^b!2ffi4 2 3 ffi 

4 3^bf 4S4 4 ^fafroytl&tfr-f 'J XArt^3£^r£ffi@5g£/£oTl^ 
o C©#iJ I1B4 l^bi4®4 4 tegEi3ffi®^ftS9. ^kXUXA 

2 1 mmmtk i 2 ?k5z.m>b t ^i>y u xa-^& -s 0 

162. 50X121. 9 2 mm. A 
IMS0 5. 0 mm. mm 8 . 9 4 x 6. 7 6 mm^6 0 

6 (i. EJ 2 1 (c^f=t 9 SS^7fe#^ 2 te^'kX U XA 2 2 ^ ^ ft £ 
o ^©ii^XUXA2 2«. Hi® 4 1^^1314 3®3i^tLTl^o H 
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2Tii. AI^EiH2^ffich^^lB4 l^fffitti^o c©#ij©i#£r. m 
1B4 I^£>ffl3ffi4 3 teg&E&»^<£«9. I^'JXA2 2 ii**ffcffi& 1 o 

C©^»iJ©^$filS#-tr©^{*i^(i N 162. 50X121. 9 2 mm. A 
5. 0 mm. {&ffit£ 8 . 9 4 x 6. 7 6mmT^S 0 

b>ft*&tfr« 2 5 (Dm&£}t>itjfc¥$k<DmMm i ~ 1 o ^o^Tt^-r^o 
ho ttz, ^mmmi^^T, ymmmt, &&it^ 2 <Dmmm 1 6 (ttmat 

6' (EI 5) ^fiSt^o ) ^#ffitL, =gS©tl£B^ CM-mU 1 6©i£A£ 

6 0 * Toju^ii^-e^ o t 1 ^ o 

7 ©y- zmmft(Dm&m&m2 aktt.-To m2 scccimij 

[212 6tCd©HJfe^|tc*5^-6*ftBlli6 0tlt©IS4 OOnm, $S 5 8 6 n 
m. $17 0 0 nm-?(omtiM&<D*[t£*)m&±^ 0 <fcftRtm®Mtt7fe©AI-f 
&M£^- 0 0 2 5. EI 2 6 4>oa?limmittf*5o 

7 0 1 3 (b ) i^m Lxn&ttAmnm&ftifi 1 0B©Ajft©in 

^-r-SA^ic^LTleltfT^^/h^ < ft£#|S]©*i-£©#iJ£>&o £fc N 7 1/^ 
/HHJBSttii 2 4 ' t*7b^;l/*®ai7f«J55c$tlT*5»?. ^-©7 l/:twUX®^© 

TW^MSlm2 4 , ^©A^^^i-rsi-rst. 

MY= 8 9. 2 7 mm 
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7 = 13. 15° (mtirm 1.49 ©flSftt+T?) 
0 = 1. 0 2° (StJr^ 1.49 OffiW* T?) 

£jcLT, ^D/7Ai^x-YStU tS:^^ 2 ©tttBK 1 Gfr&mtiZ 

jjft&zmt-tzti*^ Kft(Dtztb<DmiytmGLm (xi, yi, zd tot 

(XI, Yl, ZD = ( 0, 297. 1 1, - 578. 12) 

I2^I&1 (X2, Y2, Z2) TOTOilD-e^D. T^feg^* 
foK4> 8 2mm©ffl»^o|i;»Iit§ 0 

(X 2, Y 2, Z 2 ) = ( 0, 235. 57, - 605. 67) 

v\±.com%m*-£\tm l ^ *§m* n ^ 5 a & * o ^ 7 a ists^ 2 5 <t l t& 

S^Ilit 2 4 ' ~e^tt£ ftfci^ ttMS&HEgT? 0 6 0 6 OitiSo 

^m©Y-Z$rffift©7fc{&0£0 2 7 (c^to £tz^ EI 2 8(cc©H»J 

®^o^7AW2 5 Km^z&Mm*uy?A<Dm%mm%:7Fi- 0 fit, 

0 2 9 KCOmmmi^&lf &mthm.G 0filT©il4 0 0 nm. tl5 8 6 n 
m N 0 0 nm^©I^M#©m#i9j|£r£, 0 #Ofe&t^EK£t7fc©AI* 

feS^-To 02 8. 0 2 9*©^(imm#{4tf*-5o 

fl»J 8 ti x 0 1 3 ( c ) C^LTSKAItftSW 1 0@©AH©e£ 
2 0atc«|5l#r-a:^ flvo. *n^=Aj£ffc^2 5 ©Sft^W&gg 

*;HH®RS*ii 2 4 * ^©Al^^/Schf'Si-r-Si. 
MY= 1 3 0. 4 6 mm 

7 = 6. 6i° amvrm 1.49 ©sim* -e) 
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0=10. 29° (JBtffspE 1.49 ©5iM*-e) 

^/•c. CL©^$^J©*n^Aj£gfrl£2 5CDR3fe^fttt, El 2 8*{CtkiT«<9 
. I«Ol^*D/7Ai£M2 5 ©B©$0Lh±##i 1 0©Alt££Jf 
*(CLT. ^D^Ai^X-YIiU Si^Tfe^ 2 ©^tHbBl 1 6 ^ t>!tt*l<g> 

^isj^zfii-r^i^. myt(Dtii6(Dm utm&m cxi, yi, zdi^t 

(XI, Yl, Z 1 ) = ( 0, 297. 1 1, - 578. 12) 

f2 3fejgfti (X2, Y2, Z2) te£JT©il *) t?* 0 . 3fc«ttfi£+ 
*kJC0 8 2 mmOffi^ojfiftii^iit^o 

(X2, Y2, Z 2 ) = ( 0, 341. 3 3 ,- 5 5 3. 14) 
H±©^^#T^Mt^SiiM^o^^A^^D^7AStM2 5 t Ltf 

E£Jftffi2 4' 7fSI*$nfe^ 6 O0j£^i6 Oifti, 

^»J9©Y-ZBftffirt©7fr&EI£EI3 OJCtj^-o El 3 liCC©H$£#iJ 

®*o^7Aai2 5 Km^&&Mm*vy^A(DW&®iW%:7jk-fo fit, 
El 3 2tddOHJfii^Jtc*5^S|^tbllt6 0 &g-e©i&S 4 0 0 nm, 11 5 8 6 n 
nu SI7 0 0 nm-e<DttttiQt&<DMts:iomei£, 0 &^t/^IiK*fefe©A#fr 
fil^/Tto EI 3 K EI 3 Z^Oiffimmffit^-So 

^»ij9«. eii 3 (b) imjfoLxm&ytAmnmgkiw i®g(D Attorn 

KS§£U 2laIBtc(i|Dl#f-ti:-r. fro. t>o^ 7 AHS2 5 ©JBte£|6jfrftl8 

J-2tT£AI^JCttLT©^frVjN£ < ft&#fa©*§1%©#!|&<So tfc, 7 1/^ 

;hm®si^ 2 4' 7 u * jimmm-vMi&z tit^^ f®7^ nummo 

^WRIti2 4' ^OA^^ySi-r^i-r-Si. 
MY= 9 0. 6 4 mm 

7 = 14. 28° (SiM 1.62 ©ffiWt?) 

/? = 6 . 4 6° im^m i.62 ©58#*-e) 
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ttz, :©»J©*D^'7Ajii;i[|2 5©^7fe^ti. 0 3 ltpKTF-fM*) 

j&KLT. ^D/7AKX-YBiU Sf^^ 2 ©I^tttiat 1 6^t>ilt*l£ 
^^Z$ict1-^i#, &#;©;fca6©gn#;Mrtg (XI, Yl, Zl)l±£TF 

(XI, Yl, Zl) = ( 0, 297. 11, - 578. 12) 
m2jftm&:m (X2, Y2, Z2) £>«9. 

(X2, Y2, Z2) = (0, 235. 70, - 605. 76) 
J^±©lMfrT^I I fcSiiS* D ^ 7 A^* o ^7 AgtS 2 5 t Iti 

mmim.2 4' TRt^ti/-^ ti^#aiffi-<? 0 6 o©i£ABi6 o i^c^o 
^»ji o(DY-zmmft<Djt$m&mz 3K^~t 0 03 4icc©njfe 

fiJ©*u^Aj£i^2 5 (cffl^^^M^n^^A©lSf^SBM^^- 0 fit 
, 0 3 5 {cc©^fiJ{c*5(t^|^ttSK6 0firg-e©^S4 0 0 nm N il5 8 6 
nm, $1 7 0 0 nm-e(DM&mm.CDnte<om£it, 0 &^R^it®Mttft;©A 

mmmi o ti. 01 4 (a) KMmLxn^ytAmn^mw2W(DAm(D 

MY= 8 9. 2 7 mm 

r = 3 . 7 6° (Jg#r*s 1.49 ®5g*t+t?) 

i8 = io. 8 0° mmm 1.49 ©Biw^-e) 

3 0 



-%fa*zmt-tz>£%^ mitvtz&cDmitKMtsLW. (xi, yi, zd w 

(XI, Yl. Z 1 ) = ( 0, 0, - 4 5 0 ) 

II 2 (X2, Y2, Z2) ttJ^T©®*)-C**5. T^ftS^ 

(X2. Y2, Z 2) = ( 0, -41. 73, -424. 62) 

«2 5 fcj^&i^n^T^te, tS^#®®-e0 6 0©J£A®6 0t65o 

1212 6. EI 2 9. 03 2, S3 5 ^ £>HJ§ t>j^ «fc 9 (c, H»iJ 7 ~ 1 0 fcfc^ 
Tte N ^g©|^ttili6 0©fell!\ il7 0 0 nm©7c$Sc!:^g 4 0 0 nm©^ 

$*©A^M©M^msi©giii© 2 1 htt$> ^ rgb (Dmtmtz o t 

{*®1 l^C^tHT^DS (^BS7fe^3©Affl{ig^@es$tiT^^o ) 
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^ 2 ©^ffi (^#® IT, m±.3.M% 1 0 (C^9^"f^^Z$i 

b*^fr^9^fr£x$4iE^-fr£ U x$i, z$ii^#H^^^^-r^»fi 

^Yttit^c H»'J7~1 O^^o^TW, jlll^ill^fC^o^T. i£i^¥^2 
©HtBBil 6©W^iU »X-YSiL, ffi^ilfj:fi±qE^i 
0 ©ii*f^ft£Z$ftIE^|S]£ Ul^o 

ffl^ft. Y$i^|Sk zl^fSj^-^-ti^tiX, Y, Z) -e©3a©^i>fiii (@S 

ftSfco^Tti. mrte (a) ^©zifi. ^j«fc-o^r«. Tie (b) ^©z$^ 

n T-^^l/^-r >y^ffiiC^^X« N TIB (c) j^CDZm ©X$|ik Yffik Zitt^- 
netL^^^t-r^jit^ C^rtl^tla, 0, 7 (° ) ) <t^^t>tLT^^,o 

$5©$-tW(i. SO^IAi^-cDXYZil^M^^. ^^Xfi©|H]^-eSBtIt 
ft© <9 fC/3 [□]!}££ if £ d:Jt{C 1 ^[H]fet/'c^^t>Yfi©[H]J9-eSB#ft[H] 
^^©Zfi©[Hlf9-eB#IttEl«9(Cr -So 

J^T©^«^T^t>n^»lHl$5>C^^Di-e*>So 
Z= (Y 2 /R) / [ 1 + { 1 - ( 1 +K) Y 2 /R 2 } 1 /2 ] 

+ A Y 4 +BY 6 +CY 8 +DY'° + 

• • • (b) 
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Z=(Cx-X 2 +CyY 2 )/[l+(l-(l+Kx)Cx 2 -X 2 

— (1+Ky) Cy 2 • Y 2 } 1/2 ] 
+ ZRn { Cl-Pn) X 2 + (1+Pn) Y 2 } (n + 1) 

#iJ£LTn=4 (4^11) £%;LSch. mmttzt^, J£TF©5£ (c 

) -e^tiiimSo 

Z = (Cx-X 2 + Cy • Y 2 ) / [1+ {1- (1+Kx) Cx 2 -X 2 

- ( 1 +Ky) C y 2 • Y 2 } 1/2 ] 
+ R1 { (1-P1) X 2 + (1+P1) Y 2 } 2 

+ R2 { (1-P2) X 2 + (1+P2) Y 2 } 3 
+ R3 { (1-P3) X 2 + (1+P3) Y 2 } 4 
+ R4 { (1-P4) X 2 + (1+P4) Y 2 } 5 

• • • (c) 

s CytiYtt^rifiitt^ KxtiXfi^iSjRiitm Ky JiYttifrftRli&tk R 

^|SjM^SRx. Yi5»ffiRyift$Cx, Cy «h©Rgt£kU 
Rx= 1/Cx, Ry=l/Cy 

l^Tte. dgg (tS 5 8 7. 5 6 nm) Jc*h}"£ fecD^-ME LT& S 0 S^©-^ 

FFS" tegEkffiB. "ASS" " A NM" liT:^;!/? * >y^B. 
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"FL" Ii7l/^;H, "RE" IZKMm, "HOE" te^MM* □ A s ' 

pim" immmmtt^n^ti^-to 

Examp 1 e 1 

Surface Radius of Surface Displacement Refractive Abbe's No. 

No. curvature separation and tilt index 

Object oo q) 

plane 

1 ANM® (Stop, RE) 
Image oo (2) 

plane 

ANM® 

Rx -502.13 

Kx 1.0632xl0 +1 

Rl 5.3570X10-' 

R 2 6.9470X10-' 

Ry -399.96 

Ky 1. 0632xl0 +] 

PI 1.0015X10- 8 

P2 1.9188X10" 13 

Displacement and tilt(l) 
X -500.00 Y 150.38 Z -852.87 
a -10.00 B -30.00 r 0.00 

Displacement and tilt(2) 
X 150.00 Y -45.12 Z -255.86 
a 10.00 $ 30.00 r 0.00 

Example 2 
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Surface Radius of Surface Displacement Refractive Abbe's No. 

No. curvature separation and tilt index 

Object °o (1) 

plane 

1 FF S® (Stop, RE) 

Image 00 (2) 
plane 

FF S® 

C 4 -9. 4100X10-" C 6 -1. 2455X10" 3 

Displacement and tilt(l) 

X -500.00 Y 150.38 Z -852.87 

a -10.00 /3 -30.00 7 0.00 

Displacement and tilt(2) 

X 150.00 Y -45.12 Z -255.86 

a 10.00 $ 30.00 7 0.00 

Example 3 



Surface Radius of Surface Displacement Refractive Abbe's No. 

No. curvature separation and tilt index 

Object 00 (1) 

plane 

1 00 (Stop) 1.5163 64.1 

2 ASS® (RE, FL) (2) 1.5163 64.1 

3 00 

Image °° (3) 
plane 

ASS® 



R -1039. 03 



K 9. 3942xl0 +1 
A -4. 0647 xlO" 8 
B 5. 7192x10- 12 

Displacement and tilt(l) 

X -500.00 Y 150.38 Z -852.87 

a -10.00 0 -30.00 7 0.00 

Displacement and tilt(2) 

X 0.00 Y -0.07 Z 2.00 

a -0.49 0 0.00 r 0.00 

Displacement and tilt(3) 

X 150.00 Y -45.12 Z -255.86 

a 10.00 0 30.00 r 0.00 



Radius of 
curvature 



Example 
Surface 
No. 

Object 
plane 
1 
2 
3 
4 
5 

Image oo 
plane 

FFS® 
C 4 -6.4108xl0~ 3 C 5 
C 7 9. 2182 xl0~ 5 C 8 



oo (Stop) 
-31. 96 
FFS® (RE) 
FFS© (RE) 
FFS© 



Surface Displacement Refractive Abbe's No. 
separation and tilt index 



-2. 2047 xlO" 3 
1. 0060x10-" 



(1) 
(2) 
(3) 
(4) 
(5) 
(6) 



1.5163 



C 6 -2.9435X10- 3 
C 9 4. 0049X10- 5 



64. 1 



1. 5163 64. 1 
1. 5163 64. 1 
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^ 1 0 


1 /I7CO v 1 A- 4 

1. 4752 X 10 


C 1 1 


-7. 3826x10 


7 


l 2 


6. 2547x10 


^ 1 3 


1. 2865X10 


^ 1 4 


1. 2474x10 


5 


C I5 


2. 9731 xlO 




F F S(2) 












C 4 


T 1 OO 1 1 A — 3 

7. 1821 x 10 d 


C 5 


-2. 8610x10 


3 


c 6 


9. 5508x10 


C 7 


1 TO A 1 1 A — 4 

1.7341X10 


C 8 


7. 8182x10 


5 


Cg 


1. 2745x10 


C 1 0 


7. 1777 xlO" 5 


Cm 


-8. 1357x10" 


7 


C i 2 


3. 6024X10 


C 1 3 


5. 0757X10" 6 


C I 4 


6. 3865X10" 


6 


C l 5 


1.9517X10 




FF S(3) 












c 4 


4. 6394 XlO" 2 


c 5 


-1.3097x10- 


2 


c 6 


7. 4505x10 



Displacement and ti lt(l) 
X -150.00 Y -45.12 Z 255.86 
a -10.00 £ 30.00 r 0.00 



Displacement and tilt (2) 

X -150.00 Y -45.12 Z 255.86 

a -10.00 0 30.00 r -3.54 

Displacement and tilt(3) 

X -159.00 Y -47.82 Z 271.21 

a -35.85 0 28.84 r 9.32 

Displacement and tilt(4) 

X -153.47 Y -36.54 Z 264.72 

a -81.82 0 13.93 7 27.06 

Displacement and tilt(5) 

X -154.43 Y -54. 14 Z 261.05 

a -101.77 0 3. 06 r 30.05 

Displacement and tilt C6) 

X -154.64 Y -58.08 Z 260.23 

a -90.06 B -6.80 r 36.96 
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Surface Radius of 


Surface Displacement 


Refractive Abbe' s 


No. curvature 


ocpdl all Ull 


and tilt 

allu till 


1 Hue A 




Object 00 










plane 










1 00 (Stop) 




\ 1 / 






2 F F S® 




(9) 


1 R1 RQ 


R/1 1 
04. I 


3 F F S(D (RE) 




\o) 


1 R1 R3 
1. OIOo 


R/1 1 
04. I 


4 F F S(3) (RE) 






1. DIDO 


04. 1 


5 F F S(D 










Image °° 










plane 










F F S(D 










C 4 -1. 9257X10" 23 C 6 


i. ooyy a iu 


u 






F F S© 










C -3. 2785 xlO" 3 C 6 


-9 QH7/t v 1 H~ 
Z. oU / 4 A 1U 


3 p 


Z. o4oo X IU 




Cio 1.7697xl0~" C M 


1 9QH/1 Y 1H" 
1. ZoU4 X IU 


5 p 

1 3 


7 71 f\9 V 1 A - 6 

/. / IUZ x iu 




C 15 9. 3436 xlO" 6 










F F S(3) 










C 1. 0517X10 2 C 6 


Q 7RRR V 1 H~ 
y. 1 OuO A. iu 


3 p 

^ 8 


9 91 v 1 n~ 4 
Z. ZIoO x iu 




Co 1. 1100x10 " C , i 


R 1 1 RO v 1 n~ 
D. 11DU A IU 


6 p 

^ 1 3 


Q R9HQ Yin -6 

y. ozuo x iu 




C,s 7. 6442 xlO" 6 










FFS® 










C -3. 7059XKT 2 C 6 


1.2262X10- 


c 8 


8. 6479x10-" 




Co -2. 3570X10- 3 C,i 


4. 5886x10" 


C l 3 


6. 4202x10"" 




C 15 3. 8780x10"" 










Displacement and tilt(l) 








X -100.00 Y -30.08 Z 


170. 57 









3 8 



a 


1 a a a d oa 

-10. 00 p 30. 


A A 

00 


7 0. 


A A 

00 




Displacement 


and 


ti lt(2) 




X 


1 AA AA "\7" OA 

-100. 00 Y -30. 


A A 

08 


Z 170. 


r- rr 

57 


a 


1 A A A /") OA 

-10. 00 p 30. 


A A 

00 


A O 

r -83. 


O 1 

91 




Displacement 


and 


t l 1 t (3) 




X 


1 AA A A "T T OO 

-109. 00 Y -32. 


rr o 

78 


Z 185. 


93 


a 


1 o n 1 a v o 

-13. 81 £ 52. 


O A 

32 


7 -81. 


36 




Displacement 


and 


tilt (4) 




X 


Ar OA "X T O 1 

-95. 39 Y -31. 


1 A 

10 


Z 182. 


48 


a 


-152. 55 0 80. 


73 


7 55. 


25 




Displacement 


and 


ti 1 t(5) 




X 


-HO. 03 Y -31. 


41 


Z 173. 


84 


a 


-177. 96 0 59. 


45 


7 79. 


59 




Displacement 


and 


tilt <6> 




X 


-111.77 Y -31. 


44 


Z 172. 


81 


a 


-168. 21 $ 68. 


37 


7 156. 


78 



Example 6 

Surface Radius of Surface Displacement Refractive Abbe's No. 



No. 


curvature 


separation and tilt 


index 




Object 


oo 








plane 










1 


oo (Stop) 


(1) 






2 


F F S(D 


(2) 


1.5163 


64. 1 


3 


FFSd) (RE) 


(3) 


1.5163 


64. 1 


4 


FFS© (RE) 


(4) 


1.5163 


64. 1 


5 


F F S(2) 


(3) 






Image 


oo 


(5) 







3 9 



C 6 -5. 9354xl0~ 2 a 

C 6 2. 3959 xlO" 3 
C, 8. 5713 xl(T 6 



C 4 

C 1 0 
C l 5 



- 3 



C 6 8.2264x10 
Cm 1. 9081 xlO" 6 



plane 

F F S(D 
C 4 -6. 7134X10" 23 

FFS© 
C 4 9. 7906x10" 3 
Co -1.8072X10- 5 
C 15 1. 1678X10" 6 

FFS© 

1. 0697X10" 2 

2. 2819X10" 5 
1.0884X10- 6 

Displacement and tilt(l) 
X -150.00 Y -45.12 Z 255.86 
a -10.00 0 30.00 7 0.00 

Displacement and tilt (2) 
X -150. 00 Y -45. 12 Z 255. 86 
a -10.00 0 30.00 r -75.69 

Displacement and tilt(3) 
X -151.61 Y -45.60 Z 258.60 
a -56.08 0 74.73 r -35.68 

Displacement and tilt (4 ) 
X -132. 26 Y -42. 19 Z 276. 08 
a -149.88 0 68.01 r 55.15 

Displacement and tilt (5) 
X -166.01 Y -49.71 Z 278.60 
a -70.20 0 76.66 r 55.97 



C 8 -1. 1266X10" 4 
C 13 -1.4818X10" 5 



C 8 -5.5642X10" 6 
C,s 4.8203X10" 7 



Example 7 



4 0 



Surface Radius of Surface Displacement Refractive Abbe's No. 

No. curvature separation and tilt index 

Object 00 



1.49 57.4 
1. 49 57. 4 

1.49 57.4 



plane 






1 


HOE 




(1) 


2 


00 (P I M) 


(2) 


3 


ASS® (RE, FL) 


(3) 


4 


OO 




(1) 


Image 00 




(4) 


plane 














K 


Q1 £ A Q 






\r 
IV 


0 nr\nn v 1 a -6 






A 


1 R v 1 n~ 1 1 
1. 4o4D X 1U 






B 


-5. 8165X10" 15 






C 


2. 3649X10" 19 






D 


-1.5631X10" 24 








Displacement and 


tilt CI) 




X 


0. 00 Y 0. 00 


Z 650. 00 




a 


27. 2 0 0. 00 


7 0. 00 






Displacement and 


tilt (2) 




X 


0. 00 Y 0. 46 


Z 650. 89 




a 


27. 2 /3 0. 00 


r 0. 00 






Displacement and 


tilt (3) 




X 


0. 00 Y MY 


Z 604. 70 




a 


27. 2 /3 0. 00 


r 0. 00 






Displacement and 


tilt (4) 




X 


0.00 Y -205.69 


Z 249. 76 





4 1 



a 27.2 £ 0.00 7 0.00 



Radius of 
curvature 



00 



HOE 

°° (P I M) 
ASS® (RE, FL) 



Example 8 
Surface 
No. 
Object 
plane 
1 
2 
3 

4 oo 

Image °° 
plane 

ASS® 

R -816. 43 
K -2. OOOOXKT 6 
A 1.4845X10" 11 
B -5. 8165X10" 15 
C 2.3649X10" 19 
D -1.5631X10" 24 

Displacement and tilt(l) 

X 0.00 Y 0.00 Z 650.00 

a 27.2 /3 0.00 r 0.00 

Displacement and tilt(2) 

X 0. 00 Y 0.46 Z 650.89 

a 27. 2 yS 0.00 r 0.00 

Displacement and tilt C3) 

X 0.00 Y MY Z 584.08 



Surface Displacement Refractive Abbe's No. 
separation and tilt index 



(1) 
(2) 
(3) 
(1) 
(4) 



1.49 
1.49 
1.49 



57.4 
57.4 
57.4 



4 2 



a 27.2 /3 0.00 7 0.00 

Displacement and tilt(4) 

X 0. 00 Y -205.69 Z 249.76 

a 27.2 /3 0.00 7 0.00 



Example 9 

Surface Radius of 
curvature 



00 



HOE 

00 (P I M) 
ASS® (RE, F L) 



CO 



No. 

Object 
plane 
1 
2 
3 
4 

Image 
plane 

ASS® 

R -835. 62 

K 0. 0332 

A 4. 8760 xlO" 9 

B -2. 5964X10" 13 

C 6. 8805x10" 18 

D -6. 6177 X10- 2 3 

Displacement and tilt(l) 
X 0. 00 Y 0.00 Z 650.00 
a 27.2 /3 0.00 7 0.00 

Displacement and tilt(2) 
X 0. 00 Y 0.46 Z 650.89 



Surface Displacement Refractive Abbe's No. 
separation and tilt index 



(1) 
(2) 
(3) 
(1) 
(4) 



1.62 
1. 62 
1. 62 



23.9 
23.9 
23.9 



a 21.2 /3 0.00 7 0.00 

Displacement and tilt(3) 

X 0.00 Y MY Z 604.54 

a 27.2 /3 0.00 7 0.00 

Displacement and tilt (4) 

X 0. 00 Y -205.69 Z 249.76 

a 27.2 /3 0.00 7 0.00 



Example 1 0 

Surface Radius of 

No. curvature 

Object 00 

plane 

1 00 

2 
3 



Surface Displacement Refractive Abbe's No. 
separation and tilt index 



°o (P I M) 
ASS® (RE, FL) 



4 


HOE 


Image 


OO 


plane 






ASS® 


R - 


816. 43 


K 


-2. 0000 xl(T 6 


A 


1.4845X10" 11 


B 


-5. 8165X10- 15 


C 


2. 3649x10" 19 


D 


-1. 5631 xlO" 24 



X 



Displacement and tilt(l) 
0.00 Y 0. 00 Z 650.00 



(1) 
(2) 
(3) 
(1) 
(4) 



1.49 
1.49 
1.49 



57.4 
57.4 
57.4 



4 4 



a 27.2 0 0.00 r 0.00 

Displacement and tilt(2) 
X 0. 00 Y 0.46 Z 650.89 
a 27.2 /3 0.00 r 0.00 

Displacement and tilt(3) 
X 0. 00 Y MY Z 604.70 
a 27.2 /3 0.00 r 0.00 

Displacement and tilt(4) 
X 0. 00 Y -205.69 Z 249.76 
a 27. 2 0 0.00 r 0.00 

±i2^^^ij 4 (D^m^^u^m^m 2 2 (-^^- 0 $. fc N 4 ©ttJR^ 
¥ (x^isj) lift, mm (y#[dj) aft) ^©ffiftjc*,^**^*^ 

to 

3t±s I1B4 K I2ffi4 2M'13@4 3£-WlT£o fl!4 1 Mii®!? 
&oT. <B^'JXA2 1 ^ttitfc^C©ffi^t>A*f-r€)o Ifl2d5 4 2 ti^ 
Itlf^ot, I1B4 1 ^£:/VXAfticAt*Lfc^£c©®-Tr£f* 

^-Stt) £-tb£ 0 I3i4 3 lillSt^ot, H2ffi4 2 trHI^ 
L^^d©B^b^'; XA^tc^tfa-rSo H^'JXA2 Hi. H»J 

5 £ |iIil©®geS©fe^^ U XAT**$o iS'C^ U XA 2 1 ©IttHS 4 4 ififfiib 
7 P UXA 2 30I1B4 1 (-[S)^^T9ct9(C N 2o©isuy/yXA#?gag$ftT 
i^o €LT, fl^'JXA2 1©AH®4 lidLT, ^j^P l#«g&ft 

4 5 



4 5° ^^fck 9 iciest tlTl^o -r/S^^, fe^'JXA2 l^mSflU: 

xa2 1 ifec^'jXA2 3^@ea$ti-cu^>o fit, ^n^m, is^y 

A 2 1 ch^L^U XA 2 1' 7^^£&i>;fc^2 iy;|>-/UXA2 It 

2 1' 5 tmwk(vmwim<Dim'b-J' ] ) XA-e&^o ^ir, h^'jxa 
c©^»ij{c^urt>. ii^uxa2 i rt©fi±i7fem^tna™ (*t 

S(-4 5° ^t"J:9{c^$tlTl^o ^fCs i^'JXA2 1' 

±±m%(Dm Y) -am^zr u xa 2 1^45° [EifeL tzmm^i zx-oiz.^ m>i>-? 

UXA2 life^'JXA2 1' *<fil$ntl^, ^Lt, ^I^Ui, S 
< ®^ffi«^-^fca6{c N i<L^'JXA2 l' ^ Alt-r€»$i±^^©l°]^-e4 5 

CO»Jl K 1 20i9f^ 2 oJ^lCli^y'J XA^g^^^Tgf 
3fefl2«t^Ci^a o ^©^fc. ^H^^UXA^E^^fc© 

4 6 



^mn^m^hWMMi t lt, #02 001-370950©^ 

tLtztg, Z.tii# 1~# 1 1 Oj&fjagoS£ife3feCDftft^ti0 3 8©J;?(c 
ftofco lO^OSm/RaOl, ^©iEfWIO^tt^e. 1 0 

# 1 1 ©JSifciR^ffl-r* d t&mt L^o 
if>7°;U Sm/Ra J£ifcfc¥4fi£tS ffitfeft 1 0 #© 1 ±W> 



# 1 


3 


1 


6. 


6 7 


0 . 


0 


9 6 


0. 


8 5 8 


# 2 


2 


0 


6 . 


2 5 


0 . 


i 


0 4 


0. 


9 8 0 


# 3 


2 


0 


5 . 


8 8 


0 . 


i 


1 4 


1 . 


1 6 4 


# 4 


1 


6 


3 . 


6 4 


0 . 


i 


4 4 


1 . 


5 1 0 


# 5 


1 


7 


7 . 


7 8 


0 . 


2 


3 0 


2 . 


2 3 6 


# 6 


2 


2 


3 . 


5 3 


0 . 


1 


0 8 


1 . 


0 6 2 


# 7 


1 


7 


2 . 


0 0 


0 . 


1 


4 8 


1 . 


5 7 2 


# 8 


1 


7 


4 . 


0 7 


0. 


1 


5 6 


1 . 


6 3 2 


# 9 


1 


6 


5 . 


5 2 


0 . 


2 


8 6 


2. 


5 7 2 


# 1 0 


1 


6 


0 . 


6 1 


1 . 


3 


6 8 


3. 


4 7 0 


# 1 1 


1 


3 


8 . 


4 6 


2. 


4 


7 0 


5. 


0 4 0 


3 9 (c. 


2fc 










is jx rK 


- K 5 



Kmgnimz-tzm&TF'tm-c&Zo corns. mm%&&ai*&m?'C7(Dt> 

4 7 



c 1 ] 'pt& <th2 ^B^rnT t . mvptz < 1 t> 2 o©^^^^^ 
-tzm^m. 1 temo^ti^So 

C 3 ] iufei£ifc*g©&ifc£i te, 1 0 5}© 1 4 0 0 HTT^ ^ci?- 

±12 1 ^ 3 ©Hti^ 1 mzmv&Bwm^mo 

5 < (Stn/Ra) < 1 0 0 0 • • • ( 1 ) 

tztzL, SmttJIS BO 6 0 1 lz£ ^,^S©tM]£}i(D^r B 1PS (//m) „ Ra 
«^®©4^JW^ffl£ Urn) ^£>£ 0 

o 

5 < (Sm/Ra) x (Ep/4 0 0) <70 •••(2) 

1 0 < (Sm/Ra) x (Ep/4 0 0) <80 • • • ( 3) 

5 0 < (Sm/Ra) x (Ep/4 0 0) < 2 0 0 ...(4) 

8 0 < (Sm/Ra) x (Ep/4 0 0) < 2 5 0 • • • ( 5) 

fcrtfU SmliJIS B 0 6 0 1 izX ^^©DDQcD^^Pi (^m) N Ra 

4 8 



*-e©j?gg| (mm) f*S 0 

c 6 ] ErF©&#&sej£-r s c £ ^#M£-r s±te 4 x« 5 ie«cDSi>ts 

Sm< 2 0 0 //m ...(9) 
C 7 ] ftj|2^Bi7fe#^^ 7 u * ;!/ u > Xj&> t> tz & c £ £#ffc ft%> ±15 1 
t> 6 ©Httfr 1 ^3B«©J9^«iEilfio 

C 8 ] ftflBJfBlTfe^^^Rtt® ^ £ ft 6 C £ £#tfc £ -T -5 ±15 1 b> 6 © 

C 9 ] BufSigHS^^ 7 1/^ ;I/Ktt8fefr» b^Sct^lltitS ±15 8 

[10] mjf5^as^^^ 7^ b^^ci £ f £ 

±15 8 f5*c®&f£«i^go 

c ££#ifc<t-r&±f57^t> 1 0 ogn^ 1 iii5«©^ti^So 

[12] 4>& < £ & 2 o^nt^i. mjl5'J>ft < £ t> 2 ogd^H^jc^ 

o 

C 1 3 ] mZJSm&tifi 7^ /UHS£l*»jfr» £ 1- § ±15 
1 2 IBtt©ta;»tl^Bo 

C 1 4 ] ffflEtS:^^^ Z>mm(DM tMfcS £ 7fe,W^Su=5^iiM^ o ^ 
5 ft £j£tfc^£ 2 ©ili§-rai5g{c^o^T, 1 0a{cftjf5Mi2^o^^ 

Afr^ft^SStfcSfcjaijfi^Sftfti. 2 IiI@{cful5^3iM^o^vA^t>fj:-g,J£ 

4 9 



0 0 C ££-#^£^£±12 12^bl4 Ogtl^ 1 iJIBiic©^!!^ 

C 1 6 ] Jt&iBSiBM* n^A^b 1 / 1 0 Kte 

C l 7 3 iluie&i^^;^ t> ©$i±±«f ^Hti§EllflS^{c^i6 k Ami- <s 
^9fc@SM$tiTl^Ci^#^it-^,±fBl 2^t>l 6 OHn^ 1 ^iEttOtft 

CI 8] fufS^M^n^^A© i [elBRtf 2®B3«B#K|5j^3ttT£ 
^ 0 &M£^SB©lttol»K:AI* Ltt^J;? i:M$nt^-5Ci^#iit6± 
12 1 2 ^ t, 1 7 ogn*> 1 ^sBt&®&&tSfg^Bo 

±MtlTAttirZ&?Kmi££tlT^ZZt&W&±'tZ±$El 2^t>l 8 Oj5J 
ftfr 1 ^IE«©t5*fN&lfcgfio 

C2 0) BiriE3«M*n^A;^&;££j£ifcR;&< N 00rfc«fc.5JBfflffcffl£ 
W-r^ci^#ii:i-t-§±iei 2^t>l 9 ©gti^ 1 £IE«i©&f&«&gBo 

7>1° . . . ( 7 ) 

r < 4 5° . . . (8 ) 

<&&ft*m&1r%z.t*W$kt-t&±M2 0Xti2 1 EttoSi^lS^Bo 

C2 3] iufHaaBS»^n^A^t>^-5t£»«^J:SS[^7 0 0 nm©7fc 
it!4 0 0 nm©3fe©ra©#tt©®#ra©£#<l 8° OTt^5Ci^#ii 

5 0 



f £±§E 12^b2 2 ©Htl^ 1 ^!S4&<Z>&J£ftl&gBo 

[2 4] ^B©ttti}l£©tfcfi-e> 0 0 nm<D%M£i&&i 0 0 nm 

©^®AI«fcfi©^l*miB©l»&cD 2 1 PiTO5Ct*#iit5± 
15 1 2 a> t> 2 3 OfSfn^ 1 lIf5t£©&J£iSl^go 

[2 5] SfiieilflS^©d^©7fefi©Att^^i8<t-r'Si:. 
0° </3< 4 5° • • • (9) 

<D&&&ffiti1rz.±&te&LftZ±MB, 1 2 frt> 2 4 ©HtL^ 1 ^fEIKcD&f£t&£ 

0. OK r//3< 1 0 0 0 •••(10) 

©gg^^fc-rc t z>±fc 1 2^&2 5 ©ran^ 1 mzm<v&&m^ 

ilo 

& £ £ £ £ "T <S±fB 1 ^ t> 2 6 ©j5fn^ 1 TOtt®8H£tt&^Bo 

C28] ftjte&tm^©^ (tfeloti, jStir^ ( n ) ^ 1 «fc t> kA 
#1^ (n > 1 ) fflEK7??gfiR$tl^<Bit^U XA£ 1 iHlix.^jS'C^'J XA* 

^ffi[S7fc#c£ W U © ft® JfctWiB'k £ o T|g£ir £ iK^^-ffiiE-r -5 |5|f£# 
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{ci^tti-r m #m i ^ © Ai^tffi £ n 2 E*ts i £ i m^mm t 
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IB«c©Si^Sl^^go 
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